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SUMMARY 

This f i n a l  repor t  descr ibes  the  r e s u l t s  of e f f o r t s  t o  study the changes 

i n  the  suprathermal e l ec t ron  f l u x  caused by t h e  t o t a l  s o l a r  ec l ipse  of 

March 7, 1970. 

mounted t o  view out  t h e  s ide  of t he  rocket on Nike-Apache 14.457, which was 

launched from Wallops Island, Virginia  a t  1336:30 Local Time, March 7, 1970. 

For comparison a cont ro l  experiment was conducted i n  which an  iden t i ca l  

analyzer w a s  flown, mounted looking out  t h e  s ide  of  Nike-Apache 14.456, from 

Wallops I s land  a t  t h e  same loca l  time but  on t h e  previous day, March 6, 1970. 

The measurement was made wi th  a re ta rd ing  po ten t i a l  analyzer, 

D i f f e ren t i a l  photoelectron f lux  i n  t h e  energy range, 3 t o  50 e lec t ron  vo l t s ,  

and i n  t h e  a l t i t u d e  range 120-180 km w a s  measured both during t h e  so l a r  ec l ip se  

of March 7, 1970 and t h e  day before a t  the  same l o c a l  time. The d i f f e r e n t i a l  

e lec t ron  f l u x  energy spectrum measured within t o t a l i t y  had the  same shape, but 

was a f a c t o r  of t e n  smaller than t h a t  measured on t h e  control  day f o r  a l t i t u d e s  

k tween 120 and 180 km. 

responsible f o r  t h e  E and F ionospheric regions was reduced by a f a c t o r  of 

t e n  during t o t a l i t y .  The d i f f e r e n t i a l  f l u x  spec t ra  measured on the  cont ro l  

day have the same generalenergy dependence as t h a t  reported by Doering e t  al. 

(1970) i n  t h e  same a l t i t u d e  i n t e r v a l  but t h e  l eve l s  are l a r g e r  by a f a c t o r  

varying from two t o  t e n  depending on a l t i t u d e .  

This result d i r e c t l y  implies t h a t  ionizing r ad ia t ion  
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SUPlWI'HERMAL ELJ3CTRONS I N  A SOLAR ECLIPSE 

INTRODUCTION 

Energy from s o l a r  rad ia t ion  is deposited i n  the  upper atmosphere by 

photoionization of neut ra l  gas p a r t i c l e s .  

released which usually has k ine t i c  energy grea t ly  i n  excess of t h e  thermal 

energy of the  ambient gas. 

through co l l i sons  with thermal e lectrons,  ions, and neutral  gas pa r t i c l e s .  

Theoret ical  work by Hanson and Cohen (1968) has shown t h a t  near t he  equator, 

on the  average, the i n i t i a l  energy of t h e  photoelectrons is  15 eV. A t  

moderate-to high magnetic l a t i t u d e s  t h e  fast photoelectrons created a t  a l t i -  

I n  t h i s  process an e l ec t ron  i s  

This excess k ine t i c  energy i s  given up eventually 

tudes above 300 Inn do rot deposi t  t h e i r  energy loca l ly  but are f r ee  t o  t r a v e l  

along f i e l d  l i n e s  t o  the  conjugate hemisphere (Hanson, 1963; Carlson, 1966). 

The March 1970 Solar  Eclipse,  having a path o f  t o t a l i t y  crossing Wallops 

Is land,  provided a unique opportunity t o  study the  decay of t he  loca l  supra- 

thermal e lectrons which were created by p r i o r  photoionization and the  energy 

d i s t r i b u t i o n  of photoelectrons streaming into the  ec l ip se  area from t h e  s o l a r  

i l luminated conjugate hemisphere. A study of these  electrons during the 

ec l ipse  should l e a d  t o  a more complete understanding of the  energy balance of 

the upper atmosphere and the  possible  atmospheric processes tak ing  place there .  

One of t h e  uncer ta in t ies  i n  der iving recombination coef f ic ien ts  f o r  t h e  

E and F 

t a i n t y  i n  the  ec l ip se  funct ion E ( t ) .  

r ad ia t ion  is assumed equal t o  zero ( E ( t )  = 0), t h e  deduced recombination co- 

e f f i c i e n t ,  cy, is of t h e  o lder  of It is  of  t he  order  o f  loS7 

ionospheric layers  from solar ec l ip se  measurement arises from uncer- 1 

If a t  t o t a l i t y  the  l o c a l  ionizing 

cm3 sec-l .  
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cm3 sec - l  if E ( t )  i s  assumed equal t o  about 0.1 a t  t o t a l i t y .  

measurements of a, measurements of r e s i d u a l 1 0 . 7  cm so la r  radio f l u x  a t  

t o t a l i t y ,  and rocket measurements of res idua l  x-ray f luxes i n  t h e  44-60 8 
range - p a r t  of t h e  f lux responsible f o r  production of ion iza t ion  i n  the  E 

l aye r  - suggest t h a t  E ( t )  should be of t h e  order  of 0.1 a t  t o t a l i t y  (see 

Rishbeth, 1968 f o r  review). 

e lec t ron  d i f f e r e n t i a l  f l u x  d i s t r i b u t i o n  i n  the  E and F 

t a l i t y  of the  7 March 1970 ec l ip se  and a t  the same l o c a l  t i m e  t he  day before 

which indicate  tha t  E ( t )  = 0.1 a t  t o t a l i t y  over t h e  a l t i t u d e  range of 120- 

180 km. 

Laboratory 

We present here in  measurements of the  photo- 

layers  during to-  1 

Photoelectrons play an important ro l e  i n  t h e  physics of t h e  ionosphere 

and severa l  computations of t h e  photoelectron spectrum have been made (Hoegy 

e t  a l . ,  1963; Nagy and Banks, 1970; Nisbet, 1968; Dalgarno e t  a l . ,  1969). 

However, few measurements of t he  spectrum have been made - par t i cu la r ly  i n  

the  lower ionosphere. The results of t he  present study are of s ignif icance 

for comparison with theory and other  measurements i n  t h i s  lower a l t i t u d e  

region. 

INSTFUIvENTATION 

Electron f l u x  measurements were made with i d e n t i c a l  re tarding p o t e n t i a l  

analyzers (€"A) mounted on each of two Nike-Apache rockets, NASA 14.436 and 

NASA 14.477, which were launched from Wallops Island, Virginia a t  approximate- 

ly 1836 UT on 6 March and 7 March 1970, respect ively.  

obtained on 6 March 1970 w i l l  be re fer red  t o  as non-eclipse r e su l t s .  

W A S  w e r e  of the  planar  type with cy l ind r i ca l  cases (Figure 1). 

the  RPA axis as the outward normal t o  the  f r o n t  surface of the  instrument 

Hereafter, r e s u l t s  

The 

We define 
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Figure 1 Schematic diagram of t h e  retarding p o t e n t i a l  analyzer 
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coincident with the  ax i s  of the  cylinder.  

t he  rocket ax i s  and looked, together  with o ther  sensors, through a n  elongated 

opening i n  the  side of the  rocket. The minimum h a l f  look angle of the RPA 

The RPA ax i s  was perpendicular t o  

was bo. 

Figure 1 i l l u s t r a t e s  the  RPA i n  approximately correct  geometric propor- 

t i on .  Grids consisted of 100 mesh, 1 m i l  kn i t t ed  tungsten screen, and these 

and a l l  o ther  conducting surfaces w e r e  gold plated.  The first,  second, and 

fourth gr ids  were grounded, and the  f i f t h  w a s  maintained a t  +3OV t o  suppress 

secondary e lec t ron  emission from t h e  co l l ec to r  which was maintained a t  +45 

vol t s .  "he pos i t ive  p o t e n t i a l  on t h e  co l l ec to r  prevented the  co l l ec t ion  of 

ambient pos i t ive  ions. The re ta rd ing  gr id  voltage w a s  cycled through a 

series of constant values with each value held constant f o r  a period exceeding 

the spin period of t h e  rocket. The r e t a rd ing  gr id  vo1ta::es included in teger  

values from 0 t o  -10 v o l t s  and multiples of 3 from C) t o  -40 vol t s .  

trometer had a logarithmic response t o  e lec t ron  current and w a s  ca l ibra ted  

The elec-  

per iodica l ly  throughout t h e  f l i g h t  by disconnecting it from the  co l l ec to r  and 

a l t e r n a t e l y  connecting it t o  a l a rge  amp) and small (lo-'' amp) constant 

current  source. 

DATA REDUCTION 

A sample of t h e  telemetry s igna l  from the  non-eclipse rocket i s  

The per iodic  current  pulses occurred as the  RPA i l l u s t r a t e d  i n  Figure 2. 

ax i s  ro ta ted  i n t o  the  sun. 

t h e  rocket,  the current  was e s s e n t i a l l y  constant with some exception t o  be 

noted. The electrometer current i s  not sa tura ted  during d i r e c t  s o l a r  i l l u -  

mination. Fai lure  of  a change i n  re ta rd ing  po ten t i a l  t o  noticeably change 

When t h e  RPA ro ta ted  through the  shadow c a s t  by 
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the  cur ren t  during d i r e c t  s o l a r  i l luminat ion is  an indicat ion t h a t  the  

current  i s  l a rge ly  photoelectron current  emanating from surfaces a t  o r  

behind t h e  re ta rd ing  g r id  of  t h e  €PA. 

current i s  evident when V, t h e  re ta rd ing  poten t ia l ,  changed from -5 t o  -3 

v o l t s  with the  RPA i n  the so l a r  shadow of  the  rocket. 

A change i n  ambient photoelectron 

The telemetry s igna ls  f o r  both rockets were d ig i t i zed  and converted 

t o  appropriate voltages and co l l ec to r  current,  t he  l a t t e r  being done con- 

s i s t e n t  with laboratory and i n f l i g h t  ca l ib ra t ion  of the electrometer sen- 

s i t i v i t y .  The r e s u l t s  were displayed by computer, a sample of which i s  

shown i n  Figure 3 f o r  t h e  ec l ipse  rocket. The sensor current  was not 

p lo t ted  within a s m a l l  time in t e rva l  centered on t h e  ins tan t  of re ta rd ing  

po ten t i a l  change. 

r e su l t i ng  from d i r e c t  solar exposure of t h e  FPA i s  again evident. The 

s o l a r  current  pulse is  comparable i n  magnitude t o  the  shadow current  

during non ec l ipse  (see Figure 11). 

Although the  rocket i s  i n  ec l ipse ,  a current  pulse 

The current  i s  observed t o  be es- 

s e n t i a l l y  constant while the RPA ro t a t e s  through the  so l a r  shadow with the 

exceptions of t he  0 and -1 v o l t  s teps .  

current  was typ ica l ly  10 t o  20% lower ju s t  a f t e r  ro t a t ing  out of the sun. 

This l a t t e r  behavior may result frm photoelectrons emanating from the 

rocket surfaces  - a p o s s i b i l i t y  discussed i n  more de ta i l  i n  Appendix 11. 

A t  these re ta rd ing  voltages t h e  

WAS measure an in t eg ra l  of t he  d i f f e r e n t i a l  e l ec t ron  flux with energy 

above a threshold determined by t h e  re ta rd ing  poten t ia l .  

d i f f e r e n t i a l  f lux,  the difference i n  in t eg ra l  f l u x  f o r  two retarding poten- 

To obtain the  mean 

t i a l s  i s  divided by a n  effective energy in t eg ra l  defined by the  two re ta rd ing  

poten t ia l s .  

-6- 
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Two possible  energy in t eg ra l s  are i l l u s t r a t e d  i n  Figure 4 f o r  the 

The area under the  s o l i d  t rans-  re tarding po ten t i a l s  -2 and -4 vo l t s .  

mission curve is  the  energy i n t e g r a l  appropriate t o  the  present ins t ru-  

mentation f o r  an  assumed i so t ropic  e l ec t ron  f l u x  in  the  undisturbed 

plasma. The cross hatched area within the  dashed transmission curve is  

the energy i n t e g r a l  appropriate t o  a n  e l ec t ron  f l u x  e n t i r e l y  p a r a l l e l  t o  

the  RPA axis .  

The energy assigned t o  the  mean f l u x  f o r  the -2, -4 vo l t  i n t e r v a l  

is t h a t  labeled Ek 

derived i n  the  above manner with use of the  s o l i d  curve, would equal t he  

i n  Figure 4 and is the  energy a t  which the mean f lux ,  
j 

a c t u a l  f l u x  f o r  an assumed power l a w  dependence of  d i f f e r e n t i a l  e lec t ron  
* 

f lux  on energy. The energy labe led  Ek.  i s  the  corresponding energy 
J 

derived with the  use of  t he  cross  hatched energy in tegra l .  We have found 

t h a t  t he  energy in t eg ra l  used i n  der iving the  mean d i f f e r e n t i a l  f l u x  is 

nearly t h e  same f o r  both the  s o l i d  and dashed transmission curves. However, 

t he  energy t o  be assigned the mean f l u x  is s ign i f i can t ly  d i f f e ren t  f o r  t he  

two curves. The use of  Ek . instead of  E would lower t h e  derived f l u x  

by approximately a f a c t o r  of th ree  f o r  the power l a w  spectrum f i t t i n g  the  

* 
J k j  

data. The f lux  values presented here in  w e r e  derived using transmission 

curves appropriate t o  an  i so t ropic  e l ec t ron  d i s t r ibu t ion  such as that 

i l l u s t r a t e d  by the  s o l i d  l i n e  of F i g u E  4. A more detained descr ip t ion  is  

given i n  Appendix I. 

The resolut ion of t h e  WAS, E/AE, i s  not large-about two f o r  most of 

the  da t a  i f  A E  i s  defined as t h e  ha l f  width of the  transmission curve and 

j '  
E i s  the  value of Ek 

- 8- 
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Measurements of  low energy e l ec t ron  flux are subject  t o  e r r o r  from 

e l ec t ron  shadowing and non-ambient photoelectron contamination. 

shadowing occurs when t h e  vehicle in te rcepts  e lec t rons  s p i r a l l i n g  i n  the 

magnetic f i e l d  of the e a r t h  which would have entered the  instrument had 

the vehicle  not been present.  Non-ambient photoelectron contamination 

r e fe r s  t o  e lec t ron  current  co l lec ted  by t h e  FPA which arises f r o m  photo- 

Electron 

e lec t rons  emanating from solar exposed surfaces of  t h e  vehicle. The WAS 

were not mounted optimally f o r  suppression of these two types of errors 

i n  the present experiment. 

results that ne i ther  of these two types of e r r o r  i s  l i k e l y  t o  be serious.  

"he ana lys i s  is de t a i l ed  i n  Appendix 11. 

We have concluded from an ana lys i s  of  the 

The vehicle poten t ia l ,  tp, was not  measured by instrumentation included 

i n  the  payloads and has been assumed equal to -1.5 vo l t s  for each f l i g h t .  

The ac tua l  value is l i k e l y  t o  have been between -1 and -2 vol t s .  Uncer- 

t a i n t y  i n  tp introduces uncertainty i n  the  value of Ek 

change i n  abscissa  values but a l s o  i n  t h e  shape of t h e  transmission curve 

i n  Figure 4. 

not only through the  
j 

The e r r o r  i s  discussed more f u l l y  i n  Appendix I. 

Non-Eclipse Electron Flux 

The non-eclipse d i f f e r e n t i a l  flux is i l l u s t r a t e d  i n  Figure 5 f o r  a 

number of  heights.  

i n  the vehicle  po ten t i a l  as explained previously. 

a t  t h e  high-energy por t ion  of the  curves i s  t h a t  r e su l t i ng  from subt rac t ing  

two s igna ls  containing some noise which are nearly equal i n  magnitude. The 

The e r r o r  bars a t  low energy result from uncertainty 

The estimated uncertainty 

-10- 
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spectrum was observed t o  be the  same on both the up and down l egs  within 

t h e  experimental uncertainty.  

being deployed a t  120 km on t h e  up l e g  and consequent noise prevented a 

r e l i a b l e  spectrum t o  be derived a t  t h a t  a l t i t u d e .  

s t ruc tu re  appears t o  be present,  and the  s o l i d  l i n e s  represent our i n t e r -  

p re t a t ion  of t h e  smoothed spectra.  To a good approximation, t he  spectra  

Antennae f o r  another  experiment were  s t i l l  

A s m a l l  amount of 

m y  be represented by a simple power l a w  dependence on energy. Two are 

indicated by t h e  dashed l i n e s  toge ther  w i t h  t h e i r  ana ly t i c  expression. 

The un i t s  of F and E are those of the  ordinate and abscissa  respect ively.  

Figure 6 compares the  present r e s u l t s  wi th  rocket r e s u l t s  of Doering 

e t  a l .  (1970) obtained under i-ather similar conditions. 

Doering e t  a l . ,  were obtained w i t h  much higher instrumental reso lu t ion  and 

w i t h  the  sensor i n  a more ideal loca t ion  t o  reduce e lec t ron  shadowing and 

non-ambient photoelectron contamination. The r e s u l t s  a t  Doering e t  a l .  a t  

120 and 180 km w e r e  obtained on t h e  down l e g  of their  rocket f l i g h t  and 

a r e  a f a c t o r  of  two l a r g e r  than those obtained on the up leg.  

t h e i r  r e s u l t s  a t  290 km f o r  comparison with the present results a t  energies 

between 25 and 50 eV. 

The r e s u l t s  of  

We include 

W e  consider the  r e s u l t s  a t  180 km a l t i t u d e  obtained i n  the two 

experiments t o  be i n  good agreement w i t h  exception of t h e  difference i n  

shape between approximately 5 and 15 eV. 

while those of Doering e t  al .  a r e  concave i n  t h i s  energy interval .  It is  

believed t h i s  difference can not be a t t r i bu ted  t o  differences i n  ins t ru-  

ment resolut ion.  An immediate suspected cause i s  non-ambient photoelectron 

contamination. However, we would expect any such contamination t o  be most 

severe a t  around 4 eV energy because of the  l a rge  Lyman-cr photon flux. We 

The present results are convex 

- 12- 
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s h a l l  see tha t  the  photoelectron spectrum did not change i n  shape during 

the ec l ipse  even though the Lyman-a, photon f l u x  w a s  reduced much more during 

1 
the ec l ipse  than was the more energe t ic  photon f l u x  responsible f o r  E and F 

l aye r  ion iza t ion  (Smith, 1971; Accardo e t  al. 1971). 

The apparent factor-of-two difference i n  magnitude may not be r ea l .  

Doering e t  al. have indicated an  uncertainty of 1.5 i n  t h e i r  instrumental 

geometric f ac to r ,  and the  uncertainty i n  the  present f l ux  l eve l s  r e su l t i ng  

from vehicle po ten t i a l  uncertainty is  a t  l e a s t  a f a c t o r  of 2. However, if  

the difference i s  real, it is  i n  the d i r ec t ion  t o  be expected. The extreme 

u l t r a v i o l e t  so l a r  i n t ens i ty  as infer red  from the  10.7 radio f l u x  was l a rge r  

and the s o l a r  zeni th  angle smaller f o r  the present r e su l t s  than those of 

Doering e t  al. Both conditions m u l d  make the present photoelectron flux 

the l a r g e r  of the two. 

The two sets of r e su l t s  are i n  less sa t i s f ac to ry  agreement a t  120 km. 

The energy dependence i s  e s sen t i a l ly  the  same f o r  both r e su l t s ,  but the  

present r e s u l t s  a r e  a f a c t o r  of  5 l a r g e r  i n  magnitude even af ter  ad jus t ing  

the  two sets t o  agree a t  180 km. This discrepancy i n  magnitude i s  not 

understood. 

I n  Figure 7 the  present results are compared with theo re t i ca l  pre- 

d ic t ions  by Dalgarno e t  al .  (1969) and Nagy and Banks (1970) Not as much 

s t ruc tu re  appears i n  the  experirnental results as predicted by Dalgarno e t  

al. We had in su f f i c i en t  resolut ion t o  see t h e  s t ruc tu re  predicted by N a g y  

and Banks. The most ser ious discrepancy between our experimental r e s u l t s  

and these predict ions is i n  the l e v e l  of f l u x  expected a t  120 km. 

perimental results are larger than expected. 

The ex- 
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Eclipse Electron Flux 

The measured ec l ip se  and non-eclipse e lec t ron  f lux  a t  180 km a l t i t u d e  

a r e  compared i n  Figure 8. 

t r a t ed  i n  Figure 9. 

unchanged i n  ec l ipse  within experimental accuracy. The flux l eve l s  were 

reduced a f a c t o r  of 10 5 1 a t  both a l t i t u d e s .  

Similar  r e s u l t s  f o r  120 km a l t i t u d e  are i l l u s -  

A t  both a l t i t u d e s  the shapes of the spectra  remained 

An immediate conclusion t o  be drawn from the r e s u l t s  i n  Figures 8 and 

9 is  t h a t  the  cumulative Fw and x-ray photon f lux  responsible f o r  producing 

the ionizat ion between 120 and 180 km was  reduced by the same fac tor ,  namely, 

10. Since the  photoelectrons have a lifetime shor t  compared with the  ec l ipse  

time, t h e  photoelectron f l u x  w i l l  be i n  a continuous steady state. W e  may 

w r i t e  an  energy balance equation 

P(E) = f ( E )  L(E) 

where P(E) i s  the production rate of photoelectrons per  un i t  volume w i t h  

energy between E and E+ZE from d i r e c t  photoelectron processes as w e l l  as 

cascade processes, f(  e) is  t h e  photoelectron concentration within the same 

energy in te rva l ,  and L(E) i s  the  loss rate out of the energy in te rva l .  The 

loss  rate L(E) depends only on atomic processes and the  neut ra l  atmospheric 

composition and concentration. A t  t h e  a l t i t u d e s  of i n t e re s t ,  loss from 

e l a s t i c  co l l i s ions  with electrons is a minor loss process. Also, t ranspor t  

i s  negligible.  

quently, flux, F(E), w i l l  change i n  d i r e c t  proportion t o  P(E) during the  

ec l ipse  provided the neut ra l  atmosphere does not change. The experimental 

evidence t h a t  F(E) was reduced a f a c t o r  of 10 during the  ec l ip se  d i r ec t ly  

implies that P(E) was reduced by t h e  same f a c t o r  f o r  E between 3 and 50 eV. 

Hence, the photoelectron concentration, f ( E ) ,  and, conse- 

- 16- 
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The above r e s u l t s  -- t o  t he  ex ten t  they represent the ambient photo- 

e lec t ron  f l u x  and not photoelectron f luxes  from t h e  rocket surfaces  -- 
independently support t he  conclusion t h a t  t he  ec l ipse  funct ion E( t) i s  

reduced t o  only 0.1 during t o t a l i t y  i n  both the E and Fl layers .  

been recognized previously as out l ined i n  the  introduction, t h a t  E ( t )  

should have a minimum value of - 0.1 if ec l ipse  deduced recombination 

coef f ic ien ts  are t o  approach laboratory measured values. 

evidence t h a t  the ec l ipse  funct ion was reduced a f a c t o r  of t e n  i n  the E 

region during the  7 March 1970 ec l ipse  has been presented by Accardo e t  

al .  (1971). They observed t h a t  x-rays i n  the  wavelength range 44-60 8, 
which are a por t ion  of t he  spectrum responsible f o r  the E region ionizat ion,  

were reduced t o  16 percent of t he  ful l  sun value during t o t a l i t y .  

It has 

Other d i r e c t  

Con2ugate Photoelectron Flux 

Maier and Rao (1971) have reported measurement of photoelectron f lux  

during t o t a l i t y  of the 7 March 1970 ecl ipse.  

with an  RPA mounted on the nose Q f  a rocket with instrument a x i s  p a r a l l e l  

t o  the rocket sp in  a x i s  and e s s e n t i a l l y  p a r a l l e l  t o  the  magnetic f i e l d .  

Further,  the sp in  a x i s  of the  rocket was oriented such that the  face of the 

RPA was not exposed t o  d i r e c t  s o l a r  i l luminat ion (p r iva t e  communication). 

Consequently, t h e i r  r e s u l t s  should contain no non-ambient photoelectrons 

emitted from the rocket surface,  and no vehicle  shadowing should e x i s t .  

I n  Figure 10 t h e i r  spectrum, representat ive of t h e i r  results from 215 t o  

263 km a l t i t u d e ,  is presented toge ther  with our results a t  180 km. 

Their  measurement was made 

Maier 

and Rao's results have been divided by TI t o  compare d i r e c t l y  with our 

results. That is, the  flux per  un i t  s o l i d  angle is obtained f r o m  the f l u x  

-19- 



I I I I I I I  I I I I I I 1 1 4  

E C LIPSE 
7 MAR 1970 

5 
Z + - I O ~  - 
l=l 
Fr - 

I$ 

: 75 lo6 - - 

E 1 1 0 4  - 

J m  
w, 
l=l1l0 5 ,  3 q 1 0  - 
H 

$7 
Fr 

- KNUDSEN AND SHARP, 180 km -- MAIER AND RAO, 215-263 k m  ------ MAIER AND RAO, 215-263 km 
- 

(OUR CORRECTION) E I 
I I I I I I  I I I I I I I I  

Figure 10 Comparison of the  present d i f f e r e n t i a l  e lec t ron  f l u x  
with tha t  reported by Maier and IBo (1971) both of 
which were measured within t o t a l i t y  

. __. . __ 

20 



impinging on a plane surface by d iv is ion  by n provided the f l u x  i s  i so t rop ic  

as we are assuming. The dotted curve is our estimate of t h e i r  results had 

energy been assigned t o  t h e i r  mean f l u x  values i n  t h e  same manner as was 

used f o r  our r e su l t s .  With similar da ta  reduction, t h e  present r e s u l t s  

are somewhat lower than those of Maier and Rao as expected from theore t i ca l  

predict ions (Dalgarno e t  al., 1969). 

Maier and Rao have in te rpre ted  t h e i r  observed f l u x  t o  be a f l u x  of 

e lec t rons  from the  undisturbed conjugate ionosphere. The r a the r  good 

agreement i n  magnitude i n  the  two observations suggests t h a t  a s ign i f i can t  

l o c a l  contr ibut ion t o  t h e i r  measured e l ec t ron  f l u x  may have exis ted.  

fluxes observed by us are su f f i c i en t ly  low i n  t h e  atmosphere. t h a t  they 

should be l o c a l l y  produced. Nagy and Banks (1970) have calculated the  

a t tenuat ion  of low energy e lec t ron  fluxes ( 5  t o  100 ev) impinging upon the  

atmosphere from above (T, = 1000 K )  and found reductions of  several orders 

of magnitude a t  an a l t i t u d e  of 200 km. 

e lec t ron  f l u x  similar i n  magnitude t o  t h a t  observed by us should have 

ex is ted  i n  t h e  a l t i t u d e  range of  Maier and ho's results. 

The 

0 

Consequently, a loca l ly  produced 

Another point  of i n t e re s t  i n  t h e  results of b i e r  and b o  (1971) i s  a 

s m a l l  enhancement of flux a t  approximately 7-9 vo l t s .  

between 215 and 263 lun a l t i t u d e  reproduced i n  Figure 10 does not show the  

enhancement, but th ree  of four  individual  spectra  presented by them do show 

a n  enhancement. 

ment centered a t  approximately the  same energy. 

The summary of r e s u l t s  

Our results (Figure 5 )  show a small but s ign i f i can t  enhance- 
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CONCLUSIONS AND RECOMMENDATIONS 

The present study of t h e  1970 Solar  Eclipse a t  Wallops Is land has 

shown t h a t  the  ionizing rad ia t ion  responsible f o r  t he  E and F 

i s  reduced by a f a c t o r  of t e n  during t o t a l i t y .  It is  not necessary t h a t  

a l l  ec l ip ses  would have the  same reduction fac tor .  

l i k e  the  one described herein would be appropriate  t o  perform during fu ture  

ec l ipses ,  espec ia l ly  for the  1973 ec l ip se  i n  Western Africa.  

experiment performed i n  connection with t h a t  pa r t i cu la r  ec l ip se  would be of 

great  value s ince it w i l l  be during s o l a r  minimum conditions and performed 

at  low l a t i t u d e s  where t h e  smll i nc l ina t ion  of t h e  e a r t h ' s  magnetic f i e l d  

w i l l  subs tan t ia l ly  Educe possible  photoelectron f l u x  contamination which 

clouds the  March 1970 r e s u l t s  t o  some extent.  

ionosphere 1 

Thus a measurement 

A cont ro l  

To perform a study of t he  conjugate e f f e c t s  during an  ec l ipse  would 

require f ly ing  instrumentation t o  heights  well above 300 km i n  middle t o  

upper l a t i t udes .  The present study d id  not go t o  high enough a l t i t u d e  t o  

be e f f e c t  f o r  t h i s .  

during a n  ec l ipse .  

t h a t  are too low t o  provide the  i n f o n a t i o n  needed f o r  t h i s  study. Future 

ec l ipses  should be examined f o r  the p o s s i b i l i t y  of being able t o  make t h i s  

important measurement . 

This would be a really valuable measurement t o  make 

However, t he  1973 ec l ipse  i s  occurring a t  l a t i t u d e s  

NEW TECHNOLOGY 

No new technology has been developed from work under t h i s  contract .  

-22- 
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APPENDIX I 

Retarding po ten t i a l  analyzers measure some i n t e g r a l  of t he  e lec t ron  

f l u x  having energy above some threshold energy. The method used i n  

deriving a d i f f e r e n t i a l  spectrum frm the  measured currents is presented 

below. 

The e lec t ron  current,  I, t o  the co l l ec to r  of the FPA may be wr i t ten  as 
TT 

(1) I(V, cp) = 2ne 

' s i n  0 cos 0 2nrdrm' 

where e i s  the  charge on the e lec t ron  (negative),  E' i s  the k ine t i c  energy 

of the e lec t ron  a t  the plane of the RPA f ron t  surface, r i s  the  r ad ia l  

distance measured from the  RPA ax is ,  R i s  the  radius of the RPA opening, 

8 i s  the  polar  angle measured from t he  inward normil t o  the FPA surface, 

F' i s  the  d i f f e r e n t i a l  photoelectron f l u x  i n  the plane of t he  RPA f r o n t  

surface (dimensions of area-' time 

retarding po ten t i a l  re la t ive t o  the RPA ground, cp i s  the  vehicle po ten t i a l  

r e l a t ive  t o  the  undisturbed plasma, and T' i s  the  transmission funct ion of 

the FPA. We have assumed t h a t  the plasma sheath i s  su f f i c i en t ly  t h i n  t h a t  

it may be considered plane and t h a t  the  d i f f e r e n t i a l  f l ux  i s  not azimuth 

dependent. If the  d i f f e r e n t i a l  f l u x  within the undisturbed plasma, F(E) 

i s  assumed i so t ropic ,  it w i l l  become anisotropic  is  passing through the  

-1 energy-' so l id  angle-'), V i s  the  

plane sheath and be r e l a t ed  

(2)  F'( 8, E',  cp) = 

t o  F' by the formula 
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a r e s u l t  derivable f r o m  appl icat ion of Liouvi l le ' s  theorem, where 

E = Eo +E' 

and 

Eo = ecp 

Inse r t ing  equation 2 in to  1, we obta in  

( 3) I(v, cp)  = ,$e j F(E)T(E, v, rp)m 
0 

where 

. s i n  9 cos 8 de 2nrdr; E 2 Eo 

= O ; E  s EO. 

T i s  a normalized transmission funct ion which would be 1 f o r  E > Eo for an 

idealized instrument t ha t  counted a l l  e lectrons en ter ing  the aperature.  

The cumulative current,  Ik, measured w i t h  re tarding po ten t i a l  equal t o  

V be come s k 
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where we have used the short  hand notat ion 

- 
A mean d i f f e r e n t i a l  f l u x  F may be defined as 

k j  

m E 

where 

( 7 )  

and Em i s  some su f f i c i en t ly  large energy. 

much larger than the  l a r g e r  of  eVk and eV 

in tegra t ion  of T as w i l l  be present ly  shown and F(E) var ies  approximately as 

Now, t approaches zero f o r  E 
k j  

a fact known f r o m  numerical 
j’ 

with a a t  least as la rge  as 2. 

Hence, we have 
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By tak ing  Err, su f f i c i en t ly  la rge ,  the last  term on t h e  r i g h t  of equation 9 

m y  be made smaller than t h e  experimental uncertainty i n  the  I and k 

J 
0 

The transmission functions,  t have been evaluated f o r  t he  RPA used i n  

t h i s  experiment by numerically performing the  in tegra t ion  indicated i n  

euqation 4 f o r  a l l  voltage s teps  V k 

assumed values of 9 equal t o  -1, -1.5 and -2 v o l t s  respectively.  Electron 

f l u x  t r a j e c t o r i e s  were followed f r o m  the  entrance g r id  t o  the  co l l ec to r  

with the  f l u x  reduced by t h e  appropriate  angle dependent transmission a t  

k j  ’ 

appl ied t o  the re ta rd ing  g r id  and f o r  

each gr id .  

frame were set t o  zero. 

Fluxes with t r a j ec to ry  encountering the  walls of t h e  cy l ind r i ca l  

The t r a j e c t o r i e s  were determined by the  i n i t i a l  

t r a j ec to ry  a t  the  entrance and the  e l e c t r i c  f i e l d s  between gr ids  and g r i d  

and col lector .  The po ten t i a l  i n  the plane of each g r id  was assumed 

constant . 
A p l o t  of t ./T’(co, 0, 0, V) for Vk, V .  and equal t o  -2, -4, and 

kJ J 

-1.7 v o l t s  respect ively is  shown i n  Figure 4. 

the  RPA walls and co l lec tor ,  t h e  angular dependence of the g r id  transmission, 

Had the f i n i t e  radius o f  

the e f f e c t  of cp on t h e  d i f f e r e n t i a l  f lux,  and the  influence of t h e  e l e c t r i c  

kj’  f i e l d s  between g r ids  on e l ec t ron  t r a j ec to ry  been neglected i n  computing t 

the  dashed l i n e  behaviour would have been obtained. !Fhe dashed l i n e  behaviour 

i s  that generally assumed i n  reducing RPA data.  
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We have found t h a t  t h e  in t eg ra l  

when integrated t o  500 e V  i s  only 10 t o  20% less than would have been 

derived from thatassuming the  s implif ied behaviour such as t h a t  indicated 

by the dashed l i n e  i n  Figure 4. 

more accurate  t would appear t o  be ins igni f icant .  What i s  s ign i f i can t ,  

however, i s  t h e  change i n  the  energy, E t o  be associated with the 

values of Fkj- 

The cor rec t ion  t o  the  F from use of t h e  
k j  

k j  

kj’  - 

Since F(E) is t h e  a c t u a l  d i f f e ren t i a l  f l u x  behaviour, we des i re  a 

value o f  E such t h a t  
k j  

If we assume f o r  t h e  present t h a t  F(E) i s  of  the  form 

(13) F(E) = F(Eo)(E/Eo)-~, 

then 

m E 
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Equation 14 makes c l ea r  t h a t  t h e  shape o f t  i s  important i n  
k j 

&j(Em) and E k j 
d c t c  rm5nlrq E I n  Table 1 we l i s t  a number of values of 

Tor a.rl E of  500 eV and cy of -2.3 and -4.0. $* 
t o  equation 11 where tkj i s  the  simplified behavior given by t h e  dash6.d l i n e  

i n  Figure 4,  and E* E* 

did not change s ign i f i can t ly  with CY i n  the  range indicated.  Consideration 

of cases 1, 2, and 3 of Table I indicates  t h a t  use of cf* 

deriving F 

r a the r  than E f o r  t he  case of CY = 2.5 would s h i f t  the p l o t  of F vs E 

t o  the  l e f t  an amount equivalent t o  reducing the  F by f ac to r s  of approxi- 

mately 5 and 2.5 a t  energies of 2 and 30 eV respect ively.  

k.j . 
i s  the  i n t e g r a l  corresponding 

m k j  

is the  corresponding energy given by equation 14. 
k j  k j  

instead of$ i n  
k j  k j 

kj 
- 

would lower these  values a t  most by 25$, but t h e  use of E* 
k j  

k j  k j k j  

k j  
Cases 4 and 5 

i l l u s t r a t e  t h a t  t h e  values of E change more than the change i n  E which i s  

proportional t o  the change i n  cp. 

kj 0 

Similar  cases not shown were used t o  derive 

the e s t w a t e d  e r r o r  from the  uncertainty i n  cp. Values of E and E* cor- 

responding t o  the so l id  and dashed transmission functions a r e  i l l u s t r a t e d  
k j  k j  

i n  Figure 4. 
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TABLE 1 DEPENDENCE OF E ON ASSUMED TRANSMISSION 

FUNCTION AND VEHICIX Po1cENTIA.L 
kj 

E E* 

C a s e  V o l t  V o l t  V o l t  e V  e V  e V  e V  e V  

kj kj kj 
E 

I* 
kj kj ( a  = 2.3)  ( a  = 4) (2.3 I 5 4) V I 

tp 'k j 

1 -1.5 0 - 1 0.75 1.0 3- 8 3.2 1-09 

2 -1.5 - 4 - 5 0.90 1.0 9.6 8.6 6.0 

3 -1.5 -20 -30 7.5 10.0 3995 36.2 26 

4 -1.0 0 - 1 0.84 1.0 2.8 2.3 1.4 

5 -2.0 o - 1 0.69 1.0 4.8 4.0 2.5 
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APPENDIX I1 

The mounting of the WAS i n  the rockets was less than optimum and 

makes t h e  r e s u l t s  more subject  t o  question than would have been the  case 

with a more optimum mounting such as t h a t  recent ly  used by Doering e t  a l .  

(1970). W e  at tempt below t o  evaluate t h e  amount of e lec t ron  shadowing and 

non-ambient photoelectron contamination t h a t  may e x i s t  i n  the r e su l t s .  To 

evaluate the  amount of non-ambient photoelectron contamination tha t  may 

have been present, it would be des i rab le  t o  numerically compute t h e  photo- 

e lec t ron  d i f f e r e n t i a l  f l u x  - both the magnitude and angular d i s t r i b u t i o n  - 
t h a t  emanates f r o m t h e  s o l a r  exposed port ions of  the rocket and reaches 

the RPA. Such a t a s k  has  not been attempted, but  experimental evidence 

w i l l  be presented which suggests t h a t  contamination was not s ign i f icant .  

The amount of shadowing of t h e  ambient photoelectron f lux  i s  believed 

t o  he l e s s  than 30%. 

rocket with i t s  a x i s  normal t o  t h e  spin ax i s  of the  rocket. With the sp in  

a ixs  of t he  rocket parallel t o  the  magnetic f i e l d ,  which i s  the worst 

The E' was mounted near the forward end of the  

possible case> down-going ambient photoelectron flux with p i t c h  angle l e s s  

than about seventy degrees and xtergy g rea t e r  than 3 e V  would not be 

shadowed. For the  more energet ic  f lux,  p i t ch  angles s t i l l  c loser  t o  90 

would be collected.  Up-going photoelectron flux would e s sen t i a l ly  be cu t  

off  by the  rocket. 

0 

I n  f l igh t ,  t he  angle between the magnetic f i e l d  and sp in  a x i s  of t h e  

rocket var ied as a result of rocket precession from 10' t o  21° f o r  t h e  

ec l ipse  rocket and from 1- 
0 t o  25' for the nori-cclipce rockel,. Plot:; of 
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the  co l l ec to r  current a t  constant re ta rd ing  po ten t i a l  as a funct ion of  

time evidenced modulations correlated w i t h  the  va r i a t ion  of t h i s  angle. 

The :;mallost current  occurred when t h e  angle w a s  smallest - a result 

expected f o r  e l ec t ron  shadowing. The maximum t o  minimum current  va r i a t ion  

w a s  approximately lo'$ f o r  the ec l ipse  rocket (NASA 14.437) and 2oyb f o r  the  

non-eclipse rocket (NASA 14.456). 

The above considerations lead us t o  believe that  the  e l ec t ron  f luxes 

are a t  least 50% of what they would have been i n  t h e  absence of any vehicle  

shadowing. 

The constancy of t he  current  as the  HPA r o t a t e s  through t h e  s o l a r  

shadow c a s t  by the rocket suggests that  no s ign i f i can t  contamination from 

vehicle photoelectrons e x i s t s  i n  these shadow in te rva ls .  Doering e t  a l .  

( 1970) reported observing vehicle photoelectrons when t h e i r  instrument, 

which was extended from the rocket, w a s  pointed toward t h e  sun and away 

from the  sun but not when pointed approximately a t  r i g h t  angles t o  the sun. 

No s imi la r ly  la rge  enhancement i s  evidenced i n  Figure 3. Some indica t ion  

of a small (>-l@) increase occurred on occasion such as the -6 and -4 

vo l t  s teps  (67268 see in te rva l ) .  However, t h i s  s m a l l  increase was not 

always anti-coincident with the sun pulse and is more l i k e l y  the  r e s u l t  

of t h e  change i n  e l ec t ron  shadowing as the  angle between the  instrument 

normal and the  magnetic f i e l d  var ied a t  twice t h e  sp in  period. 

A t  re ta rd ing  po ten t i a l s  of  0 and -1 vo l t , a  s m a l l  systematic increase 

i n  current  (10-20'$) did  occur within the  s o l a r  shadow in t e rva l  as evidenced 

i n  Figure 3. The current  was least as t h e  rocket ro ta ted  clockwise 

(looking along the  rocket ve loc i ty  vector) i n t o  the  rocket shadow and g rea t e s t  

as it ro ta ted  out of t h e  shadow. Photoelectrons from the  vehicle s p i r a l  

counter clockwise (looking i n  the same d i rec t ion)  i n  the magnetic f i e l d  of 
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the  ea r th ,  and lower energy e lec t rons  f r o m  the  vehicle  surface could reach 

the  RPA a t  the loca t ion  it ro ta ted  out  of the shadow than a t  the  loca t ion  

of entry i n t o  the shadow. The so l id  angle a t  the  source subtended by t h e  

PPA would be l a r g e r  a t  e x i t  than  a t  entry,also.  This q u a l i t a t i v e  evidence 

suggests t ha t  a small amount of contamination was occurring a t  the lowest 

two or three energy steps.  

Another piece of evitience t h a t  non-ambient photoelectron contamination 

is  negl igible  is presented i n  Figure 11. These two s e t s  of curves, ECLIPSE 

and NON-ECLIPSE, of co l l ec to r  current  vs retarding poten t ia l  w e r e  recorded 

a t  nearly the  same a l t i t u d e  and with the  angle,  y, between rocket ax i s  

and sun vec to r  equal. The curve labeled d i r e c t  was derived by subt rac t ing  

the current  when the  RPA was i n  the rocket shadow f r o m  the  maximum current  

when it w a s  looking most d i r e c t l y  a t  t h e  sun. Both currents  were measured 

with constant re ta rd ing  poten t ia l .  If we assume f o r  the present t h a t  t he  

shadow current  represents  an ambient photoelectron f lux,  then the d i r e c t  

current as defined represents photoelectrons produced so le ly  wi th in  the  

instrument and/or on t h e  rocket surfaces.  The reduction of t h i s  d i r e c t  

current by a f a c t o r  of about 45 during the ec l ipse  is  a d i r e c t  ind ica t ion  

of t h e  reduction of photoelectron production from the  exposed surfaces  of 

the rocket. Although t h e  rocket surface i s  aluminum - i t s  work funct ion is  

a l i t t l e  less than t h a t  of gold - about the  same d i s t r ibu t ion  of photo- 

e lec t rons  as t h a t  from gold may be expected. The curves labeled SHADOW 

a re  the cumulative currents  observed with t h e  P A  looking away from the 

sun. If these  cur ren ts  consisted pr imari ly  of photoelectrons f r o m  the  

rocket, t h e  reduct ion during ec l ip se  should be similar t o  t h a t  of the  d i r e c t  

current.  The reduction was  observed t o  be only about a factor of 5. 
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Figure 11 Collector  current  va r i a t ion  with re ta rd ing  po ten t i a l  
when the RPA w a s  looking most d i r e c t l y  a t  t h e  sun 
(DIRECT) and when looking in to  the  shadow cas t  by t h e  
rocket (SHADOW) f o r  both t h e  ec l ip se  and non-eclipse 
f l i g h t s .  
and the  rocket-to-sun vec tor  a t  time the  DIRECT 
col le  e t  o r  current  was meas ured . 

The angle y is t h a t  between the  HPA ax i s  
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F ina l ly ,  and most convincing perhaps, the  close agreement between t h e  

reeul t s  of b i e r  and Rao (1971) and t h e  present  results suggests t o  us that 

non-ambient e l ec t ron  f l u x  contamination w a s  not se r ious  i n  the present  

I-esults -- a t  l e a s t  not a t  180 km a l t i t u d e .  

r e s u l t s  of Maier and Rao should be f r e e  of non-ambient photoelectron con- 

tamination, and if t h e i r  measured f l u x  is subs tan t ia l ly  loca l ly  produced 

as we have suggested, we would expect t he  f lux  as measured by us a t  180 km 

t o  be somewhat smaller as is  t h e  case. 

A s  out l ined previously, the 

We conclude t h a t  s ign i f i can t  non-ambient photoelectron contamination 

does not appear t o  be present but t h a t  t he  measured f luxes  may be as small 

as 70% of what they would have been i n  the  absence of e lec t ron  shadowing. 
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